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Abstract: A method based on optimization functions was proposed to improve the attitude measure-
ment precision of a plane . First, the same feature that the plane was projected at two measuring sta-
tions was acquired by the template matching method. The coordinate value of the same feature for the
plane was obtained by intersecting at a launching coordinate, and the initial value of the plane attitude
was estimated in term of the characteristic triangle of the plane in space. Then, the object coordinate
of the plane was established, the image coordinate according to the feature of plane was calculated by
using a colinear equation and the least difference between the re-project result and an actual image was
regarded as the optimizing goal function. Finally, the iterative method was used to improve the preci-

sion of the attitude parameter of a target. Experimental results show that the measuring error of the
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attitude angle is less than 0.1 ° when the axis of the plane imaging is more than 500 pixels. As com-

pared with the middle axis method and the direction vector method of angle bisector lines, proposed

method has a correct mathematical model, reasonable algorithm and can improve effectively the meas-

urement precision of the plane.

Key words: optical-electronic theodolite; intersecting measurement; attitude estimation;optimization
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Fig. 1 Plane coordinate
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Fig. 2 Sketch map of attitude angles
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Fig. 3 Characteristic triangle of plane
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Fig. 4 Estimating attitude of plane with characteris-

tic triangle method
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Fig.5 Sketch map of coordinate
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30 10 10 29.996 10.004  9.995 29.998 10.001 9.996 30.001  9.999 10.000
40 15 12 39.998 15.004 11.997 39.998 14.998 11.999 40.000 14.998 12.003
50 20 14 50.004 19.996 14.008 50.000 20.002 14.002 50.002 19.998 14.003
60 25 16 60.005 24.997 16.004 59.999 25.003 16.001 59.999 24,997 15.997
70 30 18 70.003 29.998 18.003 69.998 29.999 17.998 70.002 30.001 17.999
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Fig. 6  Relation between attitude angle error and
measuring angle error with middle axis

method
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Fig. 8 Relation between attitude angle error and
measuring angle error by establishing opti-

mization function
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with three methods
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Fig. 10  Sketch map of two station images with mid-

dle axis method
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Tab. 4 Experiment data of middle axis method

— T ol

A/ E/(C°)  X,/pixel Y)/pixel X,/pixel Y,/pixel

43.02 358.19 —429.18 —113.74 289.18 —286.92
43.00 358.19 —429.22 —113.81 289.20 —286.88
42.97 358.19 —429.24 —113.63 289.32 —287.14
42.95 358.19 —429.26 —113.45 289.36 —287.22
sl
A/ E/ X, /pixel Y, /pixel X,/pixel Y,/pixel
338.13 359.73 463. 55 177.96  181.62 38.33
338.15 359.74 463.62 177.92  181.62 38.53
338.18 359. 74 463.75 177.85 181.32 38. 67
338.20 359.74 463. 82 177.69 181.16 38. 42
o/ (V) ISR VIO S

10. 73 5. 24 11. 03 4. 87
10. 75 5. 26 11. 05 4. 88
10.77 5.28 11.08 4. 87
10. 79 5.30 11.10 4. 89
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Fig. 11  Sketch map with direction vector method of

angle bisector lines
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Tab.5 Experiment data of direction vector

method of angle bisector lines @)
a B d g
10.73 5. 24 11. 29 5.62
10. 75 5.26 11. 33 4. 64
10. 77 5.28 11. 35 4.67
10. 79 5.30 11. 37 4.68
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Fig. 12 Sketch map of two station images with char-

acteristic triangle method
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Tab.6 Experiment data by establishing optimization function

— Sl B {E / pixel

Xy Y, X Y. X Y;

—429.18 —113.74 —363.70 —245.74 488.51 —188.92
—429.22 —113.81 —363.82 —245.73 488.63 —188.85
—429.24 —113.63 —363.94 —245.71488.71 —188.78
—429.26 —113.45 —364.11 —245.68 488.75 —188.72

TS I/ pixel

X Y, X, Y, X, Ys
463.55 177.96 —355.92 74.92 409.62 130.67
463.62  177.92 —355.98 74.93 409.75 130.72
463.75 177.85 —356.03 74.88 409.82 130.65
463.82  177.69 —356.11 74.82 409.86 130.70

FEAE = MR EESH/ O

a B Y d g Y
10. 73 5.24 2.92 10.92  4.96  2.75
10. 75 5.26 2.98 10.94  4.98  2.78
10. 77 5.28 3.04 10.97  5.02  2.83

iy g 1 oA B AR AR BB S 8/ (O

a B Y d g Y
10.73 5.24 2.92 10.81  5.19  2.89
10. 75 5.26 2.98 10.83  5.22 2.9
10. 77 5.28 3.04 10.86  5.23  3.00
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